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of	 Hybrid	 products.	 Correspondence	 Analysis	 (CA)	 indicated	 that	 Hybrid	 products	
were	grouped	with	meat	products	in	their	sensory	attributes.	Penalty	analysis	found	
that	 a	 “meaty	 flavor”	was	 the	 largest	 factor	 driving	 consumer	 acceptability	 in	 both	
burgers	and	sausages.	Cluster	analysis	of	consumer	acceptability	data	identified	key	
differences	 in	 overall	 acceptability	 between	different	 consumer	 groups	 (consumers	
who	 only	 eat	 meat	 products	 and	 consumers	 who	 eat	 both	 meat	 and	 meat-	free	
	products).	 The	Hybrid	 concept	was	 found	 to	 bridge	 the	 acceptability	 gap	between	
meat	and	meat-	free	products;	however,	further	product	reformulation	is	required	to	
optimize	consumer	acceptability.




over	 the	 years	 raising	 growing	 concerns	 among	 governmental	 bod-






can	meet	 the	predicted	demand,	 sustainably	 (de	Bakker	&	Dagevos,	
2012).	It	has	been	suggested	by	the	FAO	that	we	will	have	to	double	










risk	 of	 heart	 disease	 and	 some	 types	 of	 cancer	 (Chao	 et	al.,	 2005;	
Mann,	 2002;	Walker,	 Rhubart-	Berg,	McKenzie,	Kelling,	&	 Lawrence,	
2005).
Growing	eastern	economies	and	other	developing	countries	have	
placed	 further	 pressure	 on	 the	 supply	 and	 demand	 of	 meat	 with	
China’s	demand	almost	doubling	its	consumption	between	1992	and	

















cess	 (Hoek	et	al.,	 2013).	The	 requirement	 for	meat	 substitution	 is	 a	








major	 factor	 in	 hindering	 consumer	 transition	 to	 alternative	 protein	
sources	(Schösler	et	al.,	2012).	The	proposed	method	in	this	study	to	
achieve	meat	substitution	is	by	a	built-	in	meat	reduction	in	products	
by	 partially	 replacing	 animal	 proteins	with	more	 sustainable	 protein	
sources.	 Such	 a	 strategy	 would	 bridge	 the	 gap	 between	 meat	 and	










The	meal	 context	 in	which	meat	 substitutes	 are	 used	 has	 been	
found	to	have	a	significant	impact	on	consumer	acceptability	(Elzerman	
et	al.,	2011;	Schösler	et	al.,	2012).	Schösler	et	al.	(2012)	assessed	cur-














ers,	 especially	 the	 juiciness	 and	 tenderness	 (Elzerman	 et	al.,	 2011).	




et	al.,	 2013).	Although	 it	 has	 been	 identified	 that	 consumers	 prefer	
a	 meat-	like	 meat	 substitute	 (Hoek	 et	al.,	 2011),	 mimicking	 meat—a	
highly	 complex	 product—is	 a	 large	 technological	 challenge.	Thus,	 in	
order	 to	 create	 successful	meat	 alternatives,	 a	 consumer-	orientated	
approach	to	product	development	is	required.	One	way	to	achieve	this	
is	 through	 developing	 products	with	 consumer	 preferences	 in	mind	
(Grunert	and	Valli,	2001;	Stewart-	Knox	and	Mitchell,	2003).
Check-	all-	that-	apply	 (CATA)	 questions	 offer	 an	 alternative	 to	
conventional	 Quantitative	 Descriptive	 Analysis	 (QDA)	 methods	
which	 are	 comparatively	more	 expensive	 and	 time	 consuming	 due	
to	the	requirement	of	trained	panels	(Meilgaard	et	al.,	1999).	CATA	
questioning	 has	 been	 described	 as	 a	 reliable,	 quick,	 and	 cost	 ef-
fective	method	of	consumer	testing	and	has	been	gaining	popular-
ity	 for	 sensory	characterization	of	 food	products	over	 recent	years	
(Ares,	 Barreiro,	 Deliza,	 Giménez,	 &	 Gámbaro,	 2010;	Ares,	 Dauber,	









identifying	 the	 terms	 that	positively	or	negatively	 contributed	 to	a	
products	acceptance.
In	this	study,	two	meat	products	(pork	sausages	and	beef	burg-
ers,	 two	meal	 formats	 familiar	 to	UK	meat	consumers)	with	partial	
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meat	substitution	were	tested	against	commercial	meat	and	meat-	
free	 products	 in	 order	 to	 determine	 consumer	 acceptance	 in	 rela-
tion	 to	 the	 two	 categories.	 Products	 in	which	 part	 of	 the	meat	 is	
replaced	by	more	sustainable	protein	sources	is	not	a	novel	concept	
and	 have	 been	 termed	 Hybrid	 meat	 analogues.	 Hybrid	 sausages,	
hamburgers,	and	mince	have	already	entered	the	Dutch	food	mar-
kets	and	have	created	a	means	whereby	eating	sustainable	products	
gradually	 becomes	more	 accessible	 (de	 Bakker	 &	Dagevos,	 2012).	
Caparros	Megido	et	al.	(2016)	assessed	the	sensory	liking	of	Hybrid	






In	 this	 study,	 a	 consumer-	generated	 lexicon	 of	 the	 sensory	 terms	
was	produced.	Consumers	indicated	their	liking	of	each	product	and	
CATA	questioning	was	used	to	determine	the	sensory	attributes	that	
characterize	 the	 products.	Consumers	were	 also	 asked	 to	 indicate	
the	sensory	attributes	that	characterize	their	 ideal	pork	sausage	or	






2  | MATERIALS AND METHODS
A	variety	of	alternative	proteins	 (textured	soya,	mycoprotein,	 insect	









facturer’s	 guidelines.	Diluted	 lime	 cordial	 (1:5	 lime	 to	water,	 Rose’s	





ics	 committee.	A	 consumer-	generated	 lexicon	 of	 sensory	 attributes	
for	the	CATA	questions	was	first	defined.	Consumers	(n	=	12;	M	=	5,	
F	=	7),	aged	18–60	years	who	consume	both	meat	and	meat	substi-
tutes,	were	 recruited	 from	 the	 campus	 population	 via	 email	 adver-
tisement	to	attend	a	1	hr	session.	In	sensory	booths,	each	consumer	
received	three	pairs	of	sausage	samples	and	were	asked	to	write	down	























extremely”	 (1)	 and	 “like	 extremely”	 (9).	 Next,	 they	 completed	 a	
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CATA	questionnaire	with	 the	20	 terms	 related	 to	 the	 sensory	at-
tributes	of	the	samples	(Table	2).	Consumers	were	asked	to	try	the	
sample	and	 then	check	all	 the	 terms	 they	considered	appropriate	
to	describe	each	sample.	Consumers	were	also	asked	to	complete	







analysis	 of	 variance.	 Tukey’s	 honestly	 significantly	 different	 (HSD)	













Penalty	 analysis	 was	 carried	 out	 on	 consumer	 responses	 to	
determine	 the	drop	 in	overall	 acceptability	associated	with	devia-
tion	from	the	ideal	for	each	of	the	sensory	attributes	 in	the	CATA	
question.






3.1 | Consumer evaluation of beef burger products
3.1.1 | Overall liking
Significant	differences	 in	acceptability	between	beef	burger	samples	





samples.	 This	was	 followed	 by	Vegetarian	 burger	 1	which	 received	
the	second	 lowest	acceptability	score	 (5.38),	 then	 the	Hybrid	2	and	
Hybrid	1	with	mean	acceptability	scores	of	5.84	and	5.92,	respectively.	
Receiving	 the	 highest	 acceptability	 score	 of	 6.34,	 corresponding	 to	
‘liked	slightly’	was	the	Meat	burger.	According	to	Tukey’s	test,	no	sig-











samples	 tested	 (p > .05).	 The	Vegetarian	burger	2	was	described	 as	
having	an	“off-	flavor”,	“processed	appearance,”	“wheaty	flavor,”	“hard	
TABLE  3 Mean	acceptability	scores	of	burger	samples	evaluated.
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texture,”	 “dry	 texture,”	 and	 being	 “difficult	 to	 cut.”	 The	 Vegetarian	
burger	1	was	described	as	being	“juicy,”	“easy	to	cut,”	“soft,”	having	
a	 “processed	 appearance,”	 and	 a	 “smokey-	grill	 flavor.”	 The	 Hybrid	






Correspondence	Analysis	 (CA)	 is	 a	 statistical	 technique	 that	 can	
be	used	to	generate	a	biplot	showing	the	relationships	between	sam-
















ward	 on	 liking	 scores	 associated	with	 the	 presence	 or	 intensity	 of	
sensory	attributes.	 It	 is	commonly	used	with	 liking	scores	and	data	
from	 Just-	About-	Right	 or	 intensity	 scales;	 however,	 recent	 studies	





in	 consumer	 acceptability	 when	 consumers	 select	 an	 attribute	 for	
the	ideal	products	but	is	not	described	for	the	test	sample.	This	data	
can	be	used	to	prioritize	product	development	areas	to	those	which	
are	 subject	 to	 the	highest	penalty	 if	 not	deemed	by	 the	 consumer	














burger 1 Hybrid 2 Hybrid 1 Meat burger Ideal
Juicy <.001 1 57 31 25 26 82
Dry	Texture <.001 66 15 32 53 50 1
Granular <.001 41 6 44 37 38 11
Greasy −.001 9 27 23 12 11 15
Easy	to	cut <.001 31 87 50 68 57 78
Difficult	to	cut <.001 35 2 26 12 18 3
Hard <.001 43 0 24 19 21 6
Soft <.001 17 85 41 46 41 67
Dark	brown	color <.001 50 53 68 50 16 63
Light	brown	color <.001 28 24 9 29 58 18
Dry	appearance <.001 50 33 41 59 61 12
Oily	appearance <.001 21 16 30 6 6 25
Processed	appearance <.001 58 50 28 31 37 7
Uneven	color −.001 27 26 10 16 31 2
Sweet −.004 13 27 15 11 21 16
Peppery −.072 24 10 19 18 22 47
Smokey	Flavor/Grill <.001 40 81 15 18 17 51
Off-	flavor <.001 56 18 12 11 6 0
Meaty	flavor <.001 3 40 66 59 69 91
Wheaty	flavor <.001 38 18 19 20 16 3
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“meaty	flavor”	(Table	4)	which	would	offer	an	explanation	as	to	why	
this	 burger	 achieved	 the	 highest	 acceptability	 score.	 Also,	 “juicy,”	
“easy	to	cut,”	and	“soft”—	all	had	a	 large	 influence	 in	consumer	ac-





As	shown	 in	Table	4,	 the	 two	hybrid	samples	and	the	Meat	burger	
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Dark brown color 

























Dim1 (50.58 %) 
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of	2.90,	1.40,	and	1.10,	respectively.	The	Vegetarian	burger	2	received	




Cluster	 analysis	was	used	 to	 identify	 trends	 in	 consumer	 responses	
and	three	significant	groups	in	terms	of	consumer	preferences	were	
identified,	 their	acceptability	profiles	 for	 the	product	set	are	shown	
in	Figure	4.	Consumer	group	1	 (n	=	40)	had	a	higher	preference	 for	
the	 meat-	containing	 samples,	 especially	 the	 Meat	 burger,	 and	 re-
jected	 both	 Vegetarian	 burgers.	 Consumer	 group	 2	 (n	=	38)	 had	 a	
higher	preference	 for	both	meat	and	meat-	free	products,	especially	
Vegetarian	burger	1	and	the	Meat	burger.	Consumer	group	3	(n	=	16)	
were	 found	 to	 have	 a	 preference	 for	 the	 two	Hybrid	 samples	 and	
Vegetarian	burger	1.	By	identifying	individual	panelist	numbers	within	





Multiple	 factor	 analysis	was	used	 to	 investigate	 the	 relation-
ship	between	 responses	 to	 the	CATA	questions	of	 the	consumer	






























































































































































sausage 1 Hybrid 2 Meat sausage Hybrid 1 Ideal
Fibrous	texture <.001 49 17 35 5 23 15
Dry	texture <.001 23 6 32 0 23 2
Poor	mouthfeel −.003 35 26 26 16 15 0
Greasy <.001 6 20 14 62 14 16
Easy	to	cut <.001 53 75 27 66 53 72
Difficult	to	cut <.001 11 1 49 10 20 1
Hard <.001 9 0 36 2 15 7
Soft <.001 45 77 29 74 46 60
Moist	texture <.001 28 59 19 73 33 75
Coarse	appearance <.001 23 11 21 2 13 18
Dry	appearance <.001 32 29 30 0 27 9
Visible	herbs <.001 76 20 27 0 16 42
Pale	color <.001 34 38 18 47 19 2
Meaty	color <.001 18 21 51 39 57 78
Fatty	appearance <.001 3 13 18 52 14 15
Herby	flavor <.001 65 39 35 15 28 40
Peppery	flavor −.255 35 43 31 31 35 38
Off-	flavor/unpleasant	
aftertaste
<.001 32 29 10 4 6 0
Meaty	flavor <.001 13 21 50 59 55 82
Wheaty	flavor −.109 23 29 24 14 23 2
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3.2.2 | CATA questioning
3.2.2.1 | CATA counts
The	 frequencies	 by	 which	 consumers	 checked	 a	 sensory	 attribute	
for	each	of	 the	 sausage	products	 including	 their	 ideal	 are	 shown	 in	
Table	6.	Samples	were	all	described	very	differently	 in	their	sensory	













































flavor/unpleasant	 aftertaste”	 and	 “poor	 mouthfeel”	 were	 identified	
as	the	most	 important	sensory	attributes	resulting	 in	a	 large	drop	 in	
overall	 acceptability	with	 scores	of	2.50	 and	1.90,	 respectively.	The	
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3.2.2.3 | Multiple factor analysis











By	 identifying	 individual	 panelist	 numbers	 within	 each	 group,	









“greasy,”	 “fatty	 appearance,”	 and	 “meaty	 flavor”,	 whereas	 consumer	





consumption	 of	meat	 is	 unsustainable	 and	 a	 need	 to	 reduce	meat	
consumption	has	 importance	 for	both	 the	environment	 and	human	
health.	 Although	 novel	 protein	 alternatives	 are	widely	 available	 on	
the	market,	 the	 lack	of	acceptability	of	some	meat	substitutes	with	
meat-	eating	 consumers	 due	 to	 a	 perceived	 compromise	 in	 sensory	
	attributes,	 has	 hindered	 consumer	 transitions	 to	 more	 sustainable	
diets	 (de	 Bakker	 &	Dagevos,	 2012).	 A	means	 to	 create	 a	 stepping	
stone	 between	 meat	 and	 meat-	free	 is	 through	 Hybrid	 meat	 ana-




butes	 that	 compromise	 the	products	was	generated	 for	 two	sets	of	
























































































Percentage of consumers (%)
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Consumers	were	presented	with	samples	of	commercial	meat,	meat-	
free,	and	Hybrid	products	and	scored	overall	 liking.	Using	the	CATA	









acceptability	of	meat-	free	products	was	 significantly	 lower	 than	 the	
meat-	containing	products	(p < .05).
Correspondence	analysis	showed	that	the	Hybrids	were	grouped	
together	 with	 the	 full	 meat	 products	 indicating	 that	 they	 possess	
similar	sensory	attributes.	By	clustering	acceptability	data	it	was	also	
identified	that	significant	differences	in	acceptability	of	the	products	
tested	 existed	 between	 different	 consumer	 groups.	 Predominantly	
meat	eaters	who	do	not	eat	meat	substitutes	have	a	higher	preference	
for	 the	meat-	containing	 products.	 Consumers	who	most	 commonly	
eat	meat	but	also	eat	meat	substitutes	were	found	to	have	a	broader	





































































































and	meat-	free	products.	This	can	provide	 information	and	 focus	 for	
product	 reformulation.	 CATA	 questioning	 is	 a	 relatively	 novel	 con-
sumer	 analysis	 technique	 and	 offers	 an	 alternative	 to	 conventional	
Quantitative	 Descriptive	 Analysis	 (QDA)	 (Meilgaard,	 Carr,	 &	 Civille,	
2006).	CATA	questioning	provides	a	 rapid	and	easy	method	of	 sen-
sory	 analysis	 using	 consumer	 language.	 Using	 appropriate	 analysis	
techniques,	 a	wealth	of	 information	 can	be	generated	 to	help	drive	









iarity	with	meat	 substitution.	The	Hybrid	 concept	 does	 not	 provide	
the	sole	means	to	solving	the	protein	issue	but	should	be	used	among	
various	other	strategies	to	move	consumers	to	more	sustainable	pro-
tein	 diets.	Although	 the	Hybrid	 products	were	 found	 to	 be	 accept-
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